We compared 2 1 bacterial strains isolated in Belgium from cultivated Agaricus bisporus, Pleurotus ostreatus and Psalliota edulis showing typical brown blotch symptoms, with 12 culture collection strains of Pseudomonas tolaasii, nine P . agarici strains causing drippy gill, four 'P. ginger? strains causing ginger blotch, three Pseudomonas strains responsible for mummy disease, three saprophytic P . Jluorescens, four P . aeruginosa and three 'P. reactans' strains. All strains were characterized by 147 auxanographic API tests (API 50CH, API 50A0, API 50AA) and by 128 (for 14 strains, 55) additional biochemical, serological and phytopathological features. The results were analysed by numerical methods. Taking into account also results obtained by gel electrophoresis of soluble proteins and by DNA:DNA hybridizations, we were able to differentiate seven groups, corresponding respectively to P. aeruginosa (phenon I), P.flu0rescen.s biovar I1 (phenon 11), 'P. gingeri' (phenon 111), P . tolaasii, including nine of our own isolates (phenon IV), the so-called white line reacting organisms, containing 11 of our own isolates (phenon V), two mummy disease isolates (phenon VI) and P . agarici (phenon VII). P. tolaasii formed a homogeneous group, containing both virulent and avirulent strains. The saprophytic white line reacting organisms of phenon V were, despite their phenotypic similarity, heterogeneous genotypically and in their gel electrophoresis patterns. A determinative scheme for the differentiation of P . tolaasii, the white line reacting organisms and the other Pseudomonas species occurring on mushrooms is proposed.
dextrin, salicin, dulcitol, a-D-melezitose, L-rhamnose, mlactose, sucrose, mmaltose, Dtrehalose, Dfructose, melibiose, inulin, adonitol, meso-inositol, mxylose, mglucose, Dribose, mmannose, pmannitol. DLactose, raffinose, soluble starch, inulin, dextrin, meso-inositol, salicin and dulcitol were sterilized separately by autoclaving for 10 min at 120 "C ; the other compounds were filter-sterilized. The test was read after 1, 2 and 7 d. Gelatin liquefaction was followed for 3 weeks in nutrient broth tubes containing a charcoal gelatin disc (Oxoid). Hydrolysis of casein was followed for 7 d on nutrient agar with 10% (w/v) skim milk powder. The methods of Msller (1955) were used to determine L-arginine dihydrolase and L-lysine-and L-ornithine hydrochloride decarboxylase activities. Production of levan was followed according to Lelliott et al. (1966) . /I-Galactosidase activity was checked as described by MacFaddin (1976, method 2). Starch hydrolysis was tested after 1 week on nutrient agar plates containing 0.8% soluble starch. Lipase activity was tested according to Sierra (1957) , using Tween 60 and Tween 80. Indole, H2S and acetoin production and the formation of reducing substances from sucrose were determined as described by Dye (1968) . DNAase activity was followed on Oxoid DNase agar medium (code CM321). After 7 d incubation, 1 M-HCI was used to precipitate the non-hydrolysed DNA. Acidification, alkalinization, reduction, coagulation and peptonization in litmus milk were followed for 14 d in 10% skim milk powder in distilled water to which 0.06% soluble litmus was added (PH 6.5). The hydrolysis of aesculin was followed during 1 week according to the method of Sneath (1956) . Growth factor requirements were determined after 1 week in a medium consisting of 0.01 % NaCl, 0401 % FeCI,, 0.05% (NH4)2HP04, 0.1 % glucose with or without 0.3% yeast extract. Sensitivity towards different chemical compounds [O-OI % sodium nitrite, 0.01 % potassium nitrite, 0.01 % and 0.2% hexamethylenetetramine, 0.01 % streptomycin sulphate, 0.01 % kasugamycin technical (60% pure), 0.01 % CGA 78039 WP50, 0.01 % CGA 78039 ammonium salt, 0.2% propyl gallate, 0.01 % formaldehyde (35% pure), 0.2% 4-hydroxyethylbenzoate sodium salt, 0.2% sodium benzoate and 0.2% quinine sulphate] was investigated on YPGA medium. Growth was followed for 2 weeks.
Numerical analJtsis. Each feature was considered as a separate unit character. Pigmentation and colony morphology were coded, in two or more exclusive states. Codes from 1 (negative) to 7 (strongly positive after 1 d incubation) corresponding to rate and strength of growth were attributed to the auxanographic features. Other characters were coded as 1 (-) , 4 ( k ) and 7 (+) . Missing tests were coded as 0 (zero). The similarity coefficient, derived from the Canberra-metric dissimilarity coefficient, was calculated with an adapted version of the computer program of Bonham-Carter ( 1967) . Strains were clustered using the unweighted average pair-group method (UPGMA) (Sneath & Sokal, 1973) with the Clustan 1C program of Wishart (1978) on the Siemens 7541 (BS 2000) computer of the Centraal Digitaal Rekencentrum of the Rijksuniversiteit Gent.
Polyacrylamide gel electrophoresis of soluble cell proteins. Cells were grown in Roux flasks for 48 h on nutrient agar. The preparation of cell free extracts, polyacrylamide gel electrophoresis and photography of the stained gels were as described by Kersters & De Ley (1975) . Each protein extract was run at least in duplicate. For some strains the entire procedure was repeated.
DNA :DNA hybridizations. Cells were grown in Roux flasks on nutrient agar or PAF medium for 48 h and harvested and washed in 0.01 M-phosphate buffer (pH 7.0). High M , DNA was prepared by the method of Marmur (1961) and stored in 0.1 x SSC at -80 "C (SSC is 0.15 hi-NaCI, 0.015 M-trisodium citrate, pH 7-0). The degree of genome similarity (expressed as % D, degree of duplexing) was determined from the initial renaturation rate (De Ley et al., 1970) . Each hybridization experiment was done at least in triplicate. -1968 1962 1965 1968 1968 1944 1976 1959 1976 1981 1981 1982 1982 1982 1982 1982 1982 1982 1982 1982 1982 1982 1981 1982 1982 1982 1982 1982 1982 1982 1982 1982 1982 1982 1983 1983 
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Strains inducing superlicial yellow lesions (ginger blotch) but never typical brown blotch symptoms.
'P. reucfans'
is the name for the white line reacting organisms, used by Wong & Preece (1979 
M . G O O R AND O T H E R S R E S U L T S
Phenotypic characters and numerical analysis After numerical analysis of the 275 phenotypic features by the unweighted average pair-group method, seven phenons could be delineated (Fig. 1) . Phenon I comprised the four strains of P . aeruginosa and seemed to be quite homogeneous, with a mean similarity of 93% S . Phenons I1 and I11 consisted respectively of three strains of P.Jluorescens biovar I1 and all four strains of 'P. gingeri'. The main group was ,formed by phenon IV, comprising eight named P . tolaasii strains and 15 organisms isolated from Belgian mushroom farms. All the culture collection strains of P . tolaasii, including the type strain NCPPB 2 1 92T, were isolated from Agaricus bisporus, whereas the isolates from Belgium came from a broader spectrum, namely Agaricus bisporus (10 strains), Psalliota edulis (2 strains), Pleurotus ostreatus (2 strains) and casing layer (1 strain). Regardless of their different origin all these strains formed a very tight phenotypic group (mean similarity 89% S ) . Phenon V consisted of eleven organisms isolated from cultivated mushrooms in Belgium, one misnamed "P. tolaasii" strain (NCPPB 131 1) (Wong & Preece, 1979) , 'P. washingtoniae' NCPPB 967, together with three different colony types of the reference strain of 'P. reactans' NCPPB 3149. The latter name, however, has never been validly published, and is a nomen nudum. Phenon VI comprised two of the three mummy disease organisms, NCPPB 2874 and NCPPB 2875. Eight of the nine P . agarici strains clustered together in phenon VII. Some strains did not belong in any of the seven phenons: one of our own isolates from Psalliota edulis (LMG 6652), the type strain of P.J?uorescens MMCA 40T, three misnamed "P. tolaasii" strains NCPPB 2193 and NCPPB 2413t1 and t2, the mummy disease organism NCPPB 2208 and one misnamed "P. agarici" strain NCPPB 2304. The two types t l and t2 of NCPPB 2413 differed only in their colony morphology. An extensive description of the different phenotypic characteristics for each phenon is given in Tables 2 and 3 . These tables show that each phenon could be distinguished by several phenotypic tests. The two most similar phenons, i.e. phenon IV and phenon V, differed in four features : growth on L-arabinose (-, +), rhamnose (-, +), 5-ketogluconate (+, -) and acid production from rhamnose (-, +).
Pathogenicity, white line reaction and serology
The results of the pathogenic reaction on Agaricus bisporus Somycel 53, the white line reactions with P . tolaasii NCPPB 2192T and NCPPB 131 1, and the agglutination with the antiserum prepared against the type strain of P . tolaasii NCPPB 2192T are summarized in Table  1 . Eight P . tolaasii culture collection strains (belonging to phenon IV), nine of our own isolates from phenon IV and strain P . aeruginosa NCPPB2197 (phenon I), induced brown blotch symptoms on Agaricus bisporus. The same strains, with the exception of NCPPB 2197 and isolates LMG 6634 and LMG 6635, also gave a white line precipitation band with the white line reacting organism NCPPB 131 1 (phenon V). The antiserum prepared against P . tolaasii NCPPB 2192T agglutinated all strains of phenon IV with the exception of LMG 6639t1. Cross reactions occurred with 'P. gingeri' NCPPBi3146t1, NCPPB 2208 (a mummy disease organism) and LMG 6652 (from Psalliota edulis). All strains of phenon V, together with the ungrouped strain LMG 6652, formed a white line precipitation band with the type strain of P . tolaasii NCPPB 2192T. The former strains were further characterized by a negative pathogenic and serological reaction. All strains not mentioned above were negative in all three tests.
Comparison of the gel electrophoretic protein patterns
Normalized photographs of the electrophoregrams of representative members of each phenotypic group are shown in Fig. 2 . Phenons I, 111, IV, VI and VII seemed to be very homogeneous with respect to their gel electrophoretic protein patterns. However, phenon I1 and particularly phenon V were extremely heterogeneous. Within phenon V, seven strains (LMG6636, LMG6643, LMG6645, LMG6647, LMG6648, LMG6651 and LMG6653) could be differentiated from the others by the presence of a heavy protein band in their gel electrophoregrams. All remaining strains of this phenon showed a low degree of similarity in their gel electrophoretic patterns. The strains occupying a separate position in the phenotypic Growth in API 50CH on: Growth in API 50AO on: 0 0 100 100 100 100 100 100 100 0 0 0 0 0 0 100 0 100 100 0 100 100 100 100 100 0 0 0 100 100 100 100 0 0 94 100 100 100 0 0 0 0 25 100 100 100 100 100 0 0 0 0 0 0 100 100 100 100 100 100 100 100 100 100 50 100 100 100 100 100 100 100 100 100 100 100 100 75 0 100 100 100 100 100 100 100 100 100 100 100 75 Growth in API 50AA on: 0 100 100 100 100 91 100 94 100 100 100 100 100 100 67 100 0 100 59 0 56 100 100 0 25 100 100 33 100 NT 100 95 100 81 100 100 100 100 50 0 100 100 100 100 100 100 100 0 100 100 100 
M . GOOR A N D O T H E R S
The following phenotypic features were absent in all 67 strains: sensitivity to 10 U penicillin G, lOpg erythromycin, 10 pg ampicillin, 2 pg lincomycin, 200 pg nitrofurantoin, 10 U bacitracin, 10 pg methicillin, 10 pg colistin sulphate, 25 pg cephaloridine, 300 U polymyxin B, 100 pg sulphafurazole, 25 pg mecillinam, 30 pg cephradine; growth in the API system on D-arabinose, L-xylose, methyl P-Dxyloside, L-sorbose, dulcitol, methyl a-D-mannoside, methyl a-Dglucoside, amygdalin, arbutin, aesculin, salicin, D-cellobiose, maltose, lactose, Dmelibiose, inulin, D-melezitose, D-raffinose, starch, glycogen, P-gentiobiose, D-turanose, D-tagatose, D-fucose, Lfucose, oxalate, pimelate, suberate, glycolate, 2-hydroxybenzoate, 3-hydroxybenzoate, D-mandelate, L-mandelate, isophthalate, L-cysteine, Dtryptophan, creatine, urea, ethylamine, tryptamine, benzylamine. analysis (Fig. l) , i.e. LMG 6652, MMCA 40T, NCPPB 2193, NCPPB 2413t1 and t2, NCPPB 2208 and NCPPB 2304, also showed aberrant protein gel electrophoregrams. ginger? NCPPB 3146t1 and t2; lane 7, a misnamed "P. tolaasii" NCPPB 2193; lanes 8-13, P . rolaasii LMG 6641t1, LMG 6641t2, NCPPB 2192', LMG 6654t1, NCPPB 2412 and LMG 6634; lane 14, a misnamed "P. tolaasii" NCPPB 2413t1; lanes 15-21, the white line reacting organisms 'P. reuctans' NCPPB 3149t1, a misnamed "P. tolaasii" NCPPB 131 1, 'P. wushingtoniue' NCPPB 967, and our own isolates LMG 6649, LMG 6646, LMG 6643 and LMG 6647; lanes 22-24, 'mummy disease' isolates NCPPB 2874, NCPPB 2875 and NCPPB 2208; lane 25, a misnamed "P. agarici" NCPPB 2304; lanes 26 28, P . agarici NCPPB 2289T, NCPPB 2471tl and t2.
Hybridization between strains of phenons IV and V gave values ranging from 31 % D (between strains NCPPB2192T and LMG6643) to 44% D (between strains NCPPB2192T and LMG6646). DNA binding values between strains from phenon IV or phenon V and representative strains of the other phenons did not exceed 50% D. This was also the case for the two misnamed "P. tolaasii" strains NCPPB 2193 and NCPPB 2413t1, which showed a DNA binding value of respectively 46% and 32% D with P. tolaasii NCPPB 2192T.
DISCUSSION
Pseudomonas tolaasii In our opinion P . tolaasii should be restricted to phenon IV, comprising 23 closely related strains including the type strain P . tolaasii NCPPB 2192T. The high relatedness of the strains was shown by phenotypic analysis, gel electrophoretic comparisons and DNA :DNA hybridizations. From this viewpoint P . tolaasii corresponded to group A of Wong & Preece (1979) and to the blotching group of Zarkower et al. (1984) , but was not congruent with the P . tolaasii group defined by Fahy (1 98 l), which included both blotching and non-pathogenic strains. The latter comprised strains clustering in our phenon V. A complete description of the phenotypic features of P . tolaasii is given in Tables 2 and 3. In Bergey's Manual of Systematic Bacteriology, Palleroni (1984) referred for the definition of P . tolaasii to the original description by Paine (1919) , comprising 22 features which -unfortunately -were also common to many other Pseudomonas species. All strains of our phenon IV showed these features, except for the alkalinization of litmus milk. From the features given in the original description by Paine (1919) the pathogenicity on mushrooms seemed to be the only reliable one to identify P. tolaasii. Of the 23 P. tolaasii strains (phenon IV), six were avirulent on 90 100 100 100 100 100 0 100 100 100 100 100 100 100 100 100 0 88 100 100 100 100 100 100 100 100 100 0 100 100 100 100 100 100 100 100 100 100 0 87 100 100 100 100 57 100 92 0 100 100 100 Pseudomonads from cultivated mushrooms 2261 100 100 100 100 100 100 100 100 100 100 100 88 0 100 100 100 0 0 100 25 100 100 100 100 100 100 100 100 0 0 100 0 100 100 100 100
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The following phenotypic features were present in all 53 strains: hydrolysis of gelatin and Tween 60; alkalinization of fumarate, succinate, malate, lactate and malonate (sodium salts).
The following phenotypic features were absent in all 53 strains: DNAase activity; ornithine-and lysine decarboxylase activity ; hydrolysis of starch and aesculin ; production of indole ; reducing substances from sucrose; acetoin production ; requirement for growth factors ; P-galactosidase activity ; acid production from raffinose, starch, dextrin, salicin, a-D-melezitose, D-maltose ; alkalinization of gluconate and oxalate (sodium salts). (1984) . In our work no gel electrophoretic or major phenotypic differences could be found between the virulent and avirulent forms. Three authors have extended the phenotypic description of P . tolaasii (Young, 1970; Fahy, 1981 ; Zarkower et al., 1984) . Our results differed in five features from the 36 described by Young (1970) , namely acid production on arabinose, rhamnose and melibiose, lipase activity and growth on 6% NaC1. Five P . tolaasii strains examined by Fahy (1981) , namely NCPPB 741, NCPPB 11 16, NCPPB 2192*, NCPPB 2194 and NCPPB 2325, were included in our analysis; the agreement between our results and these of Fahy (1981) Table 4 it is clear that all strains giving a white line reaction with NCPPB 131 1 also gave a pathogenic reaction on Agaricus bisporus and agglutinated with the antiserum against (1984) . It should be stressed, however, that a negative white line reaction does not rule out the possibility of pathogenic (2 strains) or non-pathogenic (6 strains) P. tolaasii (Table 4 ). The latter group contained one strain (LMG 6639tl) showing no pathogenicity on Agaricus bisporus, no white line reaction and no agglutination with the antiserum. Nevertheless this strain undoubtedly belonged in phenon IV as shown by its phenotypic and gel electrophoretic characteristics (Fig. 1, Fig. 2 ). In Bergey's Manual of Systematic Bacteriology (Palleroni, 1984 ) P . tolaasii is included in Section V of the genus Pseudomonas. This section comprises a number of species whose taxonomic position is not well established. In the case of P. tolaasii, however, DNA :rRNA hybridizations (De Vos et al., 1985) have clearly shown that it belongs in Section I of the genus Pseudomonas (Palleroni, 1984) and that it is thus a real member of Pseudomonas sensu De Vos & De Ley (1983) . The taxonomic relationships of P. tolaasii with the other members of this section remain unclear. By comparing our phenotypic data with those of Stanier et al. (1966) , P. tolaasii could best be placed in biotype G (biovar V) of P.Juorescens. However, this biotype is very heterogeneous and consists of doubtful P. Juorescens strains. Because of the lack of a comprehensive comparative study encompassing reference strains from the genus Pseudomonas, in particular members of P. fluorescens, we could not draw definite taxonomic conclusions.
Misnamed "P. tolaasii" strains
Our phenotypic analysis (Fig. l) , protein gel electrophoretic study (Fig. 2) and DNA :DNA hybridizations indicated that the "P. tolaasii" strains NCPPB 2193, NCPPB 241 3t 1 and t2, and NCPPB 131 1 were not authentic P. tolaasii strains, as defined in the preceding section. Wong & Preece (1979) had already included strain NCPPB 2193 as a member of their saprophytic group C pseudomonads. Strains NCPPB 2413t1 and t2 were not examined by Wong & Preece (1979) but were clearly different from the P . tolaasii strains of phenon IV (Tables 2 and 3 ). Strain NCPPB 131 1 was a white line reacting organism clustering in phenon V.
The white line reacting organisms
In our study the white line reaction against the type strain of P. tolaasii was not limited to strains from one single phenotypic group. Indeed strain LMG 6652, which remained phenotypically and gel electrophoretically ungrouped, was also a white line reacting organism. However, here we restrict comment to the so-called white line reacting organisms of phenon V , encompassing 'P. washingtoniae', 'P. reactans' strains, one misnamed "P. tolaasii" NCPPB 13 1 1, and 1 1 of our own isolates. Phenon V was phenotypically rather homogeneous and corresponded to group B of Wong & Preece (1979) and to set 1 of Zarkower et al. (1984: Table 2 ). The phenotypic description of our white line reacting organisms can be found in Tables 2 and 3 . However, this group was not very homogeneous in its gel electrophoretic properties or DNA : DNA homologies. The low DNA relatedness of the white line reacting organisms with P.
tolaasii precludes their inclusion in this species. used the name 'P.
reactans' for the white line reacting organisms, but gave no description. This name has no standing in nomenclature according to the International Code of Nomenclature of Bacteria (Lapage et al., 1975) . Because of the heterogeneity within this group we are reluctant to draw any taxonomic conclusions.
Phenotypic dierentiation of the Pseudomonas species occurring on mushrooms
Our results show that the unidentified Pseudomonas species of mummy disease, the three pathogenic taxa P. tolaasii, P. agarici and 'P. gingeri', the saprophytic P. aeruginosa and the white line reacting organisms can be easily differentiated from each other by several phenotypic tests. A key comprising the most useful diagnostic tests is given in Table 5. 
